Photorefractive gratings are induced with picosecond light pulses in a BSO crystal. Both experiment and calculations show a buildup of the effect governed by a diffusion of the excited charge carriers that occurs after illumination.
The photorefractive effect, identified in many insulator and semiconductor crystals, has permitted the demonstration of a wide variety of operations in the fields of phase conjugation and optical signal processing. 1 -5 It results from a light-induced charge redistribution in the crystalline material that generates a space-charge electrostatic field. In turn the refractive index of the material is modulated through the electro-optic effect. 6 As a consequence, the photorefractive effect is essentially sensitive to the absorbed optical energy. Experiments conducted in various laboratories have shown that the magnitude of the photoinduced space-charge field increases with energy. 7 
where L is the diffusion length of the photoexcited charge carriers and A is the spacing of the induced grating. Measurements of L in various sillenite crystals 12 indicate that Td is easily made smaller than TR. Efficient recording of a photorefractive grating in BSO crystals with light pulses of duration much shorter than the diffusion time is thus possible. 13 In this Letter we present the first reported demonstration of such behavior. Moreover, analysis of the results gives an estimate of the diffusion time of the excited charge carriers and consequently of their mobility.
The experimental arrangement is shown in Fig. 1 . The laser source is a mode-locked Nd:YAG laser from which single pulses are extracted, using a Pockels cell, and then amplified. After frequency doubling, the average pulse width is 28 psec and its energy is 0.5 mJ.
The repetition rate is 2 Hz. The beam is split into three parts by beam splitters BS1 and BS2. Beams Sl and R are counterpropagating, and S 2 makes an angle beam splitter BS3, is detected by a photomultiplier tube (PMT) after spatial filtering. The signal is compared with a reference signal from a P-I-N photodiode.
To minimize beam-coupling effects, the BSO crystal is oriented with its crystallographic planes (001) and (110), respectively, parallel to the plane of incidence and perpendicular to the grating wave vector.
The analysis of the temporal evolution of a photorefractive grating resulting from the interference of two single pulses (say, Si and S 2 ) is conducted as follows. First beam S 2 is blocked by a shutter. Si and R thus erase any prerecorded grating. When the magnitude of the signal from the PMT is below a given threshold corresponding to background light, the shutter is opened and single pulses SI and S 2 interfere in the BSO crystal. The strength of the photoinduced index grating is probed by a single pulse R that can be delayed from 0 to 5 nsec. The signal from the PMT is stored in the microcomputer, and the shutter is closed to achieve the erasure step before another measurement.
For each value of the delay on R, the diffracted signal is recorded and averaged over 20 measurements.
No electric field was applied to the crystal. Figure 2 shows a plot of the results.
Two distinct features are visible on this recording. First comes a sharp peak, the width of which is similar to that of the intensity autocorrelation function of the light pulses. Thus a phase-conjugate beam is generated as the three input pulses are coincident in the BSO crystal. Such a signal was previously seen in BSO (Ref. 14) and is attributed to the third-order nonlinear susceptibility. We found that the BSO phase-conjugate reflectivity is about 30 times smaller than in CS 2 in the same experimental conditions. The second part of the recording shows a buildup of a grating well after the illumination end; its time constant is approximately 4 nsec. This grating exists only when the polarizations of beams Si and S 2 are parallel, and it persists in the darklike photorefractive gratings recorded with quasi-continuous light excitations. This has been verified by measuring the grating efficiency with a pulse emitted by the laser a few seconds after the writing pulses. Such persistence in the dark is a good indication of a photorefractive grating. Establishment of the effect far after the interfering pulses does not permit two-beam coupling experiments, which are unequivocal evidence of the photorefractive effect.
In this experiment the diffraction efficiency was approximately 5 X 10-8. This low value is not to be attributed to an erasure by the reading pulse, as the building rate is much larger than the pulse duration. It is related to the low energy of the writing pulses.
No diffracted signal could be observed when Si was delayed relative to S 2 and R. Thus the magnitude of the small-spacing (0. 3 -Mm) photoinduced grating should be much smaller than that of the larger one (2.3 um). This point is confirmed by theoretical analysis.
The buildup of the photorefractive grating may be described using the basic band-transport model 6 with a single kind of charge carrier and a single species of photorefractive trap. The basic equations (rate, continuity, and current equations and Poisson's law) are linearized, using the assumption that the modulation of the illuminating fringes is small enough to ensure sinusoidal variation of any spatially varying functions in the equations. No other approximation was made. A numerical integration of the material differential equations is performed using our experimental data:
cw measurements of the diffusion length' 2 (L = 3.4
,um) in this crystal lead to Td/TR = 0.01; no photorefractive effect is observed during the 28-psec pulse duration. Pulse duration and temporal shape, chosen as Gaussian, appear to be of little importance in the computation. Results of the numerical calculation are shown in Fig. 3 trated by the time evolution of the excited charge densities [ Fig. 3(b) ]. The dc part of the carrier density, no, remains constant, while its spatial modulation, n,/no, decreases when diffraction efficiency increases.
There is little carrier recombination but only a diffusion process leading to a difference in the respective modulations of ion and excited charge densities. This induces the space-charge field. The steady state is obtained when the diffusion process is balanced by the effect of the induced space-charge field on the carriers. Carrier recombination takes place well after the effect and has no effect on it.
The steady-state amplitude first increases proportionally to the optical energy while the speed of the effect remains constant. At higher energies a saturation occurs. The space-charge field amplitude, calculated using Lur experimental data, is c3 V/cm, in agreement with the observed diffraction efficiency.
For the smaller-period grating, (rd/rR = 10-4), the calculations predict an extremely fast buildup, in the picosecond range, with a much lower amplitude of the induced space-charge field. This would lead to a diffracted signal 2 orders of magnitude smaller than the one produced by the large-spacing grating. This signal could not be detected in our experiment.
For the 2.3-,Mm-period grating the numerical calculation predicts a buildup time equal to 4% of the recombination time TR [ Fig. 3(a) ], while experimental results give a value of 4 nsec (Fig. 2) 1-d where e is the electric charge, kB the Boltzmann constant, and T the absolute temperature. We tried to find this recombination time by looking at the time behavior of the photocurrent generated by a 28-psec light pulse. Resolution was limited to 1 nsec by the detector and the oscilloscope. The results (Fig.   4) show a fast decay of the photocurrent (smaller than 1 nsec) followed by a slower one. The analysis reveals a multiple exponential decay with time constants ranging from 30 nsec to 12 Mtsec. This could be attributed to a complex impurity level structure, which is not taken into account in the model. However, the experimental results suggest that additional trapping processes faster than 100 nsec would not influence the speed of the space-charge field buildup.
In conclusion, a space-charge electrostatic field has been generated by pure diffusion of the excited charge carriers. The field results from the differences in the modulations of the spatial distributions of ions and free charges. This is made possible, in materials such as BSO, by the materials' large diffusion length. Similar behavior should be exhibited by semiconductors such as GaAs. Much higher carrier mobility in those materials should contribute to an even shorter buildup time. In ferroelectric crystals, however, Td >> TR, because of the small value of the diffusion length. Therefore space-charge buildup must be governed by both recombination and diffusion. Consequently a photorefractive grating may be induced only by light pulses whose duration TL is near the diffusion time,
i.e., TL >>
